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(57) Abstract 

A method of preparing an article of manufacture 
fa superconductive waveguide (100) and transmission 
line (104). The mediod includes preparing a mixture 
of superconductive material constituents, disposing the 
constituents on a silver containing substrate in the de- 
sired shape of ^ waveguide (100), heating the mixture 
of constituents on the silver containing substrate, heat- 
ing the mixture in a first atmosphere having a partial 
pressure of CO2 to control decomposition of at least one 
of the superconductor material constituents and chang- 
ing the first atmosphere to a second atmosphere con- 
sisting essentially of an oxidizing gas capable of allow- 
ing decomposition of at least one of the superconductor 
material constituents. The reactive texture process can 
be used to dispose superccmducting material on selected 
compcHients of waveguides (100) and transmission lines 
(104). 
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Method for Producing Highly Textured Yttrium Barium Cuprate 
for Use in Waveguides and Transmission Lines 

Background of the Invention 

This invention was developed in part under U.S. Air Force Contract F19628-91-C-0082, 
and the U.S. government has certain rights in this invention pursuant to this contract. 

The present invention relates generally to high temperature superconductor material 
structures useful in waveguides and transmission lines. More particularly, the invention relates 
to waveguides and transmission lines including reactive textured, high temperature 
superconductor ceramic ("PTTSC") materials and methods of use of such waveguides and 
transmission lines. 

High temperature superconducting ceramics (HTSC) are intrinsically weak and brittle 
materials. In addition, conventional ceramic processing of ftese materials produces 
polyciystalline bodies which have low critical current densities Qc in DC measurements) and 
high surface resistivities (Rg, in RF measurements). Commercial applications of these materials 
require components that exhibit high jc and/or low Rs values, as well as the capability of 
producing mechanically strong and easy to manufacnire components. Due to the materials' low 
mechanical strength, commercially usefiil structures such as waveguides and transmission lines 
cannot be produced without the use of a substrate to impart strength and toughness to the 
superconductor. This is especially true for lower frequency RF devices that require the 
superconductor to be formed into relatively large, complex shapes. HTSC thin fihns, for 
example, (less than about 1 micron thickness) have been shown to have high current densities 
and low Rs values. However, these fihns are not useful for low frequency RF applications 
because tiiey require expensive single crystal substrates (typically, LaA104 or SrTi04) and can 
only be formed into planar structures with dimensions under a few inches. 

Bulk HTSC materials with highly textured microstructures can exhibit the level of 
electrical performance required for commercial waveguide applications. For YBa2Cu307.x, 
such texhn-ed microstructures are produced using a method called peritectic re ciystallization 
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or. more commonly, "melt-texturing". In this process, "textured" YBa2Cu307.x is produced 
by ciystallizing this compound out of its peritectic mixture of Y2BaCu05 plus a Ba/Cu-rich. 
liquid. Many variations of this technique have been described, and it is commonly practiced in 
laboratories throughout the world. However, the process remains essentially the same as that 
originally developed in 1988. 

The melt-textming process typically involves heating a sample above the peritectic 
temperature (lOlS-C in air) to decompose the YBa2Cu307.x into Y2BaCu05 plus Uquid. 
This mixture is cooled slowly through the peritectic temperature allowing YBa2Cu307.x to 
crystallize. When this coohng is performed in the presence of a thermal gradient, the 
YBa2Cu307.x grains preferentially grow paraUel to the gradient and a "textured" 
microstructure results. Hie slow cooling keeps the nucleation rate of YBa2Cu307.x low. 
resulting in the formation of a smaU nmnber of nuclei. As a result, the YBa2Cu307.x grdns 
can grow to very large sizes before impingement; and if the cooling is performed in a thermal 
gradient, the grains will be highly ahgned. In the originaUy developed process, samples were 
determined to have critical cmrents of up to 17.000 A/cm2 in self-field widi only a small 
magnetic field dependence. Improvements to this process (which have included the production 
of continuous lengths of melt-textured filaments) have resulted in measured cmrent densities as 
high as 140.000 A/cm2 in self field and 44.000 A/cm2 in a 1 Tesla field at 77 K. 

While the melt-texturing process has proven to be very effective in the fabrication of 
bulk YBa2Cu307.x having properties approaching tiiose of thin fihn materials, it has 
substantial drawbacks. First, melt-texturing is essentially a crystal growth process in which the 
rate of material production is controUed by tire velocity of the crystallization front In tire case 
of YBa2Cu307.x crystallizing iut of its peritectic mixture, the crystallization rate is extremely 
sluggisL Even in extremely large thermal gradients (10? K°/m) growfli rates of only 1.2 cm/hr 
have been achieved. A second problem, of particular importance to texturing thick fihn 
sti^ctures. is the fact that the melt-texturing process requires processing at temperatures above 
lOOO^C in the presence of the extremely reactive peritectic liquid. This severely limits the 
choice of substrate materials that can be used without reacting with the superconductor to form 
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undesirable layers between the substrate and superconductor. To date, only zirconia and 
magnesia have been used with any degree of success, and these ceramics are expensive and 
difficult to process. 

It is therefore an object of the invention to provide an improved method of producing a 
waveguide using high temperature superconductor (HTSC) material. 

It is a further object of tiie invention to provide a novel method of producing an HTSC 
material-containing waveguide at relatively low temperatures with veiy high rate of production. 

It is another object of the invention to provide an improved method of producing 
waveguides including HTSC structures on relatively inexpensive substrates. 

It is yet a further object of the invention to provide a novel HTSC power transmission 
line and an improved method of use of same. 

It is still another object of the invention to provide an improved waveguide with high 
Q values arising from an HTSC tiiick fihn coated portion. 

Further objects and advantages of the present invention, together with the organization 
and manner of operation thereof, will become apparent from the following detailed description 
of the invention when taken in conjunction with the accompanying drawings, wherein like 
elements have like numerals throughout the drawings. 

Brief Description of the Drawings 
FIG, 1 illustrates a 40X magnification microstructure of reactively textured 

YBa2Cu307.x on silver buffered stainless steel; 

FIG. 2 shows a reactively textured YBa2Cu307.x on a silver substrate at 

40X magnification; ; 

FIG. 3 illustrates a conventional peritectic re crystallized thick fihn microstructure on a 
zirconia substrate; 

FIG. 4A illustrates an exemplary rocking angle X-ray diffraction curve showing the 
highly textured nature of an HTSC material prepared by one of the methods of the invention; 
and FIG. 4B shows X-ray diffraction patterns for three crystalline YBa2Cu307.x samples; 
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FIG. 5 iUustrates a pscudoWnaiy phase diagram of Y2BaCu02 and 3BaO-5CuO; 
no. 6 shows surface RF resistivity extrapolated to IGHz for YBaiCusOv.x spedmens 
of the invention, a prior art sintered YBa2Cu307.x and Cu; 

HG. 7 illustrates a side view of a waveguide constructed in accordance with one fonn of 
the invention; 

HG. 8 shows a front sectional view taken along lines 8-8 of the waveguide iUustrated in 
FIG. 7; 

FIG. 9A iUustrates resonator Q versus suifece resistance for a copper cylinder compared 
to a YBCO cylinder, each with a YBCO center conductor; HG. 9B iUustrates an unloaded 

resonator Q versus outer radius of a coaxial resonator with a copper outer waU and YBCO 
center conductor; HG. 9C iUustrates mdoaded Q values at 77»K versus dissipated power for a 
1.5 inch diameter. 6 inch kmg-halfwave coaxial resonator with 0.25 inch diameter HTSC center 
conductor fabricated by depositing a reactively textured YBCO thick fihn onto a stainless steel 
substrate. 

HG. 10 iUustrates a high power coaxial transmission line having a high temperature 
YBCO superconductor thick film on a center conductor, and 

FIG. 1 1 iUustrates power dissipation versus input power for a copper center conductor 
compared to a YBCO center conductor power transmission hne at 77«K and I GHz frequency. 

Detailed Description of PrgfPTri.H Rmbodimmtf; 

A process of producing a waveguide in accordance with one form of the invention 
involves the ciystaUizalion of YBa2Cu307.x out of a metastable Uquid fomied by rapidly 
introducing a non-equUibrimn mixture of Y-. Ba-and Cu-compounds (mixed in the appropriate 
stoichiometiy) into a combinatibn of temperattire and a gas amiosphere in which 
YBa2Cu307.x is the thermo(^amically stable phase (hereinafter generally referred to as 
"reactive texturing process"). Two general variations of this process have been successfuUy 
demonstrated. In the first general method of preparation. Y2O3. CuO. and BaC03 powders are 

mixed inamolar ratio of0.5:3.0:2.0and are heated inaC02^chamxosphere to approximately 
850oCto890»C. Hie atmosphere is then changed to 2 torr of pure oxygen. The use of a 



> 9705669A1J_> 



wo y7/05669 5 PCT/US9dn2316 

C02-rich atmosphere during heating sxippresses the decomposition of BaCOs and consequently 
prevents YBa2Cu307-x from forming prematurely. When the atmosphere is rapidly changed 
to a reduced pressure oxygen enviroimient, the reaction mixture begins to decompose to a 
partially molten state out of which YBa2Cu307-x aystallizes. 

In a second general method of preparation, a prereacted, phase-pure YBa2Cu307-x 
powder is heated to approximately SSO^'C to also in a C02"rich atmosphere. Without 
limiting the scope of the invention, it is believed the presence of the CO2 causes the 
YBa2Cu307-x to decompose into a complex mixture of oxides and oxycaibonates. As for the 
first general method, the atmosphere is changed at temperature to a reduced pressure oxygen 
containing atmosphere, which causes this mixture to decompose into the partially molten state , 
from which YBa2Cu307.x can crystallize. 

In accordance with one form of the invention, fliis reactive texturing process is 
preferably carried out on either a silver foil or a base metal, such as a stainless steel, which has 
been electroplated with either silver or silver with a nickel intermediate layer. In this 
embodiment the silver or silver/nickel bufifer layers are necessary since YBa2Cu307.x and its 
precursors are relatively active compounds which react strongly with most base metals. 
However, silver is relatively inert with respect to YBa2Cu307-x. This silver or silver/nickel 
bufifer layer is preferably at least 0.002" thick to protect the superconductor. Base metals which 
have proven satisfactory include, for example, stainless steels, such as 302 stainless steel, 
304 stainless steel, 316 stainless steel and also Inconel 600, The process has been practiced on 
a variety of shapes, including discs, tubes, wires and coils. Copper can also be used in the low 
temperature range of the reactive texturing process. However, the successful use of copper as a 
substrate requires use of an appropriate intermediate metal which will prevent interdifiusion of 
copper, silver and oxygen. 

The substrate can be coated with the precursor slurry of appropriate stoichiometry using 
either painting, dipping, spraying, or any other technique currently used to apply thick fihn 
coatings or patterns. It has been determined that the preferred thickness of this applied coating 
is about 0.002" to 0.008". The preferred thermal processing has three steps: 
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1. Binder/o^aBic mnov.1. Heating of the coatmg U prefcrd,ly catied out in . 

«du«d,„Mpx.ssn,.oxyg„a,™onn.«.tfe£,2,o.Tofoxygcn)heat«l.t.r.t. of between 
30-Ohr and 300-Oln- 6om r«„. temperate, to a tempcntnre be,we«. 350-C «rf WC 

wind. « sufficient to removal tl,e voMe components of the precmsor paint 

2. Reaction suppression^cmsor fonnalioa Heating of the coating is prefetably 

perfonnedat.raeof.houtaoO'Ohr.in.nitrogenamosphetecontaningbetweena.Ieast 

d>o«0.8%and2.8%CO2. One canusehigherpressuresofCOj. but suchhigher pressures 
are m^etto need«i to supp«ss fl.e decomposition of BaCO, or initiate the decomposition of 

YB.2CU3O7... ■^C02caabemixedwith«,yin«,gas,s„chasN2.a.gonorheBum Tie 
tm^ture is preferably between the temperature of the binderremoval stage and the 
ttmperature of the corstallization stage. These t«npe..tures =n= sufficient to suppress the 
fonnation of YBajCujO,.. in the case of an oxide/carbonate precursor or decompose the 
YB.2CU307.X precursor to an appropriate mixtme of oxides and oxycarbonales. 

3. Crystallization. A preferred window for corstallizadon of YBajCujOTx exists 
between about 850X and 900-C in an am,osphe„ of about . to 3 totr of oxygen, although the 
«ygen pressme can range up to one am>osphere pressure. Below about 850-C. d,e grain sizes 
aregreadyreducedinsize. I' *ouId also be noted that at higher oxygen partial pressures ti>e 
process temperamre increases such a, 0.21 am. oxygen the tempe^mre of treanncn, would 

be about 975-C. Preferably theprocesstempemureismaintainedbelowthemeldngpoint of 
the stiver containing substrate. Most preferably. ti.erefore. the pressure of oxygen is kept below 
about 50 tor to operate at a temperamre below 925X (the melting point of silver at 50 tot) 
One ca, choose to perform the process by slowly increasing flte temperamre wiflun tins 
w-dow during the crystallization process as opposed to using a simple isoti,ennal hold. Eitirer 
procedure is acceptable. 

In d« above described preferred process an intennediate product, or article of 
manuftcture. is obtained. conventional melt textming process the peritectic zone 
(region P m RG. 5) encompass^ ti,e region of dre phase diagram involved in p™ducing fl.e 
des^d YBa2Cu307.x. In tins conventional meti,„d tire amount of Uquid present is ,uite large 
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ftroughout the processing temperature range (about 1015**C then cooled slowly ftrough Ae 
peritectic temperature of 1013**C). On the other hand in the instant invention, ra&er than 
having an intermediate product of solid material and a substantial percentage of peritectic 

4 liquid, the intermediate product is primarily a solid and a small fraction of a eutectic liquid (not 
a peritectic liquid). Since the reactants are metastable, the liquid that fonns is the lowest 
melting liquid in flie Y-Ba-Cu-0 system, that is, the ternary eutectic. Substantial advantages 
result from being able to prepare textured YBa2Cu307.x vwtiiout excess liquid present One 
such advantage is the ability to cast well defined solid patterns without need of liquid barriers 
in place. A desired pattern can be disposed on a substrate, such as by applying a thick film 
slurry in a desired pattern; and then the YBa2Cu307-x can be formed by the method of fiie 
invention without substantial liqmd flowage causing loss of the shape of the desired pattern. 
Thus, the intermediate product of the invention formed at about 850-900°C does not have the 
undesirable large liquid component present in the conventional intermediate product formed in 
the peritectic region. 

A process has been described herein which produces textured YBa2Cu307.x 
microstructures, as in the peritectic re crystallization method. However, unlike peritectic re 
crystallization, the instant method produces these microstructures at low temperatures (less than 

. about 900°C) and in relatively short times (less than about 1 hr compared to 10-15 hours for 
conventional melt texturing). This combmation of low temperatures and short times enables 
the use of relatively inexpensive and easy to form base metal substrates that substantially 
reduce the potential cost of the component This cost reduction makes this process much more 
attractive for the commercial application of HTSC components. This process is especially 
attractive for the fabrication of three dimensional RF resonant structures which are the 
fimdamental components of nxmierous RF devices such as filters, oscillators, combiners and 
radar units. As can be seen in FIG. 6, the resulting YBa2Cu307-x exhibits a substantially 
improved RF resistivity over both conventional copper and over a prior art YBa2Cu307.x 
prepared by sintering and disposed on a silver substrate. 
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In ■mofl.e, ^ of the bvemion FIG. 7 must«« . side devtion «ew of. 
wveg^d. >0Oc„nsm.c,edin.ecord™ce«fl.fteinv«tioa Tie waveguide 100is.h,„pol 

ffl«r.ssemblyl»i,g„activelyte«„„d4ick film 102 of YBCO disposed on d.e inner walU 
ofd.ew.veguidelOO. HO. 8 iUns^ates .crosssee«onal vicwoffc wavegdde 100 FurAer 
detads of waveguide conaruction and ofter embodiments are se. fonh in a oo-peoding 
applieadon08/349.060.v*ichisinco,ora«dbyrefe«neeh«e. Tieealcula^d^s^^.orQ 

venussuAceresistancebehaviorofawaveguidesnncnueisillusttaKdinPIG 9A which 
compares the Q values of a copper outer cylinder with a YBCO high temperature 

superconductor cyhnder.eachhaving.high,empemnne superconductor coatedCoroptionaUy, 
sohd) center resonator ting. n„se values were oblain«l by using conventional, well knm™ 
geometry factor measurements in which the geometrical fe«ures were removed, enabling 
detetminadon of the effect of the YBCO material used. done, versus flte same geometry using 
copper or Other conventional materials. 

In another fom. of flte invendon. one can calculate Q values usmg co«v«„i„„al 
computer software (for example, -Emenance" ftom AnSoft Cotp, Pittsburgh. PA or "EMAS" 
fom McNeU-Schcoenneller Corp, Milwautee. m Such a commercial ^ 
code (taown conventionally « TEA" code) of AnSoft can be used to simulate various features 
of RF filters. TOs type of code is accepted as accurately predicting resonator Q and ftequency 

gn^n various input pammeters, including ,e«,natorgeomeny and electrical conductivity doss' 
tangent). These types of codes dso aecmately calculate coupling between two or more 

adjacent waveguide resonators. The AnSoft compute software code solves the known 
electromagnetic field equations of the three-dimensional wavegmde structure, including 
petformmg a Imowu asymptotic wavefonn evaluation «, produce the frequency response of a 
wavegdde. Such conventional c«np«er software code is divided into three parts: (l)asoHd 
modeler section anows the user to input the geometiy ofthe device and input/output couplers 
usmgaCAI>interface.(2)afiniteelemen,solverdetominesthefiniteelemen,matrix and 

(3).postprocessor section allows the user to viewtheelecWcandmagneticfieldpattLns at 
user selected fiequencies. as weU as the insertion and reuun losses versus frequency 
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As illustrated in FIG. 9A, the geometiy factor on toroid measurements for a copper 
cylinder geometiy factor measurement show flie typical flat plateau wherein losses are 
dominated by the presence of metal waveguide walls. FIG. 9B shows the results of a 
conventional analytic solution for the imloaded behavior of Q for a coaxial resonator versus 
outer radius of a copper cylinder with YBCO center conductor. FIG. 9C shows direct 
measurements of copper witii a YBCO reactively textured imloaded Q versus dissipated power 
for a coaxial resonator tiiick fihn layer on a stainless steel base. Changiag from copper to 
aluminum or any ofter metal will only move the plateau in FIGS. 9A or 9B slightly up or 
down. The utilization ofthe YBCO walls for the coaxial resonator results in substantial 
improvement of performance over conventional metal waveguide walls. 

In another fonn of the invention shown in FIG. 1 0, a superconductor thick film 
transmission line can be constructed to cany high RF power, such as 50-lOOOW. The 
transmission line 104 further includes an outer housing 105 and a superconductor Aick 
fihn 106 is disposed on a substrate 108. The thick fihn 106 preferably is a reactive texture 
process thick film, although other embodiments can comprise thick films prepared by other 
methods, such as peritectic recrystallization. The reactively textured fihn 106 preferably is 
deposited on the substrate 108, such as stainless or silver. A peritectic recrystallized film can 
be deposited on a substrate 108 of zirconia. With these types of high temperature 
superconductor thick films deposited on stainless steel or zirconia substrates, the losses in a 
transmission line can be determined using conventional methodologies. Using known Rg 
versus surface field data for such resonant structures, one can generate fimctional behavior of 
dissipated power versus input power for a coaxial transmission line (see FIG. 1 1). This 
transmission line has a 0.125 inch diameter 123 YBCO coated stainless steel center conductor 
in a 1.68 inch diameter copper outer housing, producing a 50 Q impedance. The space between 
the inner and outer conductors was filled with MgO with an epsilon of 9.72 and loss tangent of 
3x10 -6. The 123 YBCO geometry shows a substantial advantage over copper in the power 
range of at least about lOOOW and less. When using ceramic superconductors, the power range 
is generally limited by the limitations on dissipating heat from a ceramic material. 
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SeiniKK)ntinuGus lengths of the transmission line 104, shown in HG. 10, can be 
produced by a variety of techniques, joich as continuous firing of the Wgh tempeiato^ 
superconductorin a commercial off-the-shelf belt furnace. Preferably the superconductor is in 

the form of fine filaments of 123YBCO formed usingaknown thermoplastic extn«^^ 
technique. H^e filaments are fed to the fimxace from a supply spool. Tlese filaments a« 
earned through the finnace on the belt, are sintered and subsequently coUected on a large 
diamet« spool (to accommodate brittleness). This methodology can be adapted to the coaxial 
transmission Kne embodiment described herein. In the case of stripline or microstrip design, 
tiie YBCO thick fihn can be deposited using various continuous printing techniques on a 
continuous ribbon of zirconia which can subsequently be fed onto a belt finnace for firing and 
then spooled, m the case of the coaxial design, a silver-plated stainless steel wire can be coated 
with a 123 YBCO thick fihn slurry, dried and then fed into a belt finnace. After firing, the 
center conductor can be swaged using the copper outer housing 105 and an appropriate 
dielectric, such as quartz. Teflon (registered trademark of DuPont Corp.). MgO and pressurized 
nitrogen.: 

The following are nonlimiting examples of methods of preparing HTSC materials. 

Examples 

Example 1 

A mixture of Y2O3. CuO. and BaCOs was mixed in turn with an acrylic binder a 
sorbitan trioleate dispersant. and an n-butanol/xylene solvent to make precursor 'paint' Other 
suitable carrier fonnulations can also be used as miderstood in the art TTus paint was then 
apphed to a silver foil using a paint brush. The resultant dried coating was 0.008" thick Tliis 
sample was then placed in a cont^oUed atmosphere fiunace. heated in 2 torr of oxygen at 60» 

CVhrto350»Ctoinsureadequateremovaloftheorganiccomponentsofthepaint Th, 
atmosphere of the fiimace was then changed to O.90/0 CO2 in nitrogen, and the sample was 

heatedtoWCatarate of about300oc/hr. me atmosphere of the fiimace was again changed 

to2torr of oxygen, and the sample was held at temperature forlhour.I1us treatment resulted 
m a textured, crystallized YBa2Cu307-x microstructure. 
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Example 2 

A commercial YBa2Cu307.x powder was mixed with an aciylic binder, a sorbitan 
trioleate dispersant, and an n-butanol/xylene solvent to make a precursor "paint* . This paint was 
applied to a 304 stainless steel disc, a 316 stainless steel disc, and an Inconel 600 disc (all 
1. 125" diameter and previously electroplated with 0.002" of silver) with a paint brush. The 
resultant dried coating was, in all cases, about 0.004 to 0.005" thick. All three samples were 
then placed in a controlled atmosphere furnace, and heated in 2 toir of oxygen at 60»C/hr to 
350''C to insure proper removal of the organic components of the paint The atmosphere of Ae 
furnace was then changed to 1. 1% CO2 in nitrogen, and the sample was heated to 880*C at a 
rate of 300*C/hr. The atmosphere of the furnace was again changed to 2 torr of o^gen, and 
tiie furnace temperature was slowly increased at a rate of 25'»C/hr to 900'»C. This treatment 
resulted in a textured, crystallized YBa2Cu307-x microstructure for all samples. 
Example 3 

A variety of starting materials different from those used in Examples 1 and 2 also proved 
satisfactory. These starting materials included: (1) phase pure YBa2Cu307.x with 22% 
Y2BaCu05, (2) YBaSrCuaOy.x with 22% Y2BaCu05, (3) a CuO rich commercially available 
YBa2Cu307.x and stoichiometric YBa2Cu307.x. All of these starting materials were used 
successfully in implementing the methods described in Examples 1 and 2. 

Example 4 

Any one of the above example procedures was followed and the pattern of the original 
starting material remained substantially the same after preparing YBa2Cu307.x. This was 
compared to conventionally prepared YBa2Cu307.x (peritectic processing) which showed 
substantial Uquid flowage and loss of the spatial pattern of the original starting material. 
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WMe prefated emkodimats of the invention have b«=n ill™*ated and described, it 
«dl be dear *, those sHHed in the art that various ehanges and modifications can be ntade 
fterem without departing fton. the invention m its broader asp«*s set forth in the clahns 
provided hereinafter. Various features of the invendon are defined in the foUowing cl^nu, 
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What Is Claimed Is : 

1. A method of producing a waveguide, comprising the steps of: 
preparing a mixture of superconductor material constituents; 
disposing said constituents on a portion of a waveguide structure; 
heating said mixture in a first atmosphere having a partial pressure of CO2 

controlling decomposition of at least one of said superconductor material constituents; and 

changmg said first atmosphwe to a second atmosphere consisting essentially of an 
oxidizing gas capable of allowing decomposition of at least one of said superconductor material 
constituents. 

2. The method as defined in Claim 1 wherein said portion of the waveguide 
stnicture comprises at least one of a center conductor rod and a 

waveguide housing. 

3. The method as defined in Claim 1 wherein said first atmosphere consists 
essentially of a carbon dioxide-containing gas. 

4. The mefliod as defined in Claim 3 wherem said CO2 containing gas comprises at 
least about 0.8-2.8% by volume CO2. 

5. The method as defined in Claim 1 wherein said second atmosphere comprises a 
reduced pressure oxygen gas. 

6. The method as defined in Claim 5 wherein said oxygen environment comprises at 
least about 1-3 toir pressure of oxygen. 

7. The method as defined in Claim 1, wherein said superconductor starting 
constituents comprise at least one of (a) a mixture of Y2O3, CuO and BaC03 (b) phase pure 
YBa2Cu307.x with 22% Y2BaCu05, (c) YBaSrCusOv.x with 22% Y2BaCu05, (d) CuO rich 
YBa2Cu307.x and (e) YBa2Cu307.x powders. 

8. The method as defined in Claim 5 wherein said superconductor starting 
constituents of group (a) are mixed in a molar ratio of about 0.5:3.0:2.0. 

9. The method as defined in Claim 1 wherein said first and second atmosphere 
include an inert gas. 
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10. A superconductormaterial and composite structure, comprising YBazCusOy.x 
disposed on a silver substrate wiAout material interdiffiision therebetween. 

11. -Ibe superconductor material as defined in Claim 10 wherein said silver substrate 
is selected from the group consisting of silver and sUver coated base metal. 

12. A superconductor waveguide, comprising: 

A plmalily of substantially cylindrical structures coupled together along a 
longitudinal axis, each of said, cylindrical structures substantially having end waUs including 
apertures located along said longitudinal axis; and a high temperature superconducting material 
disposed upon interior portions of said substantiaUy cylindrical structures. 

13. The superconductor waveguide as defined on Claim 12, wherein said high 
temperature superconducting material composes YBa2Cu307.x. 

14. TTie superconductor waveguide as defined in Claim 13. wherein, said high 
temperature superconducting material is prepared from a mixture of superconductor material 

constituents by heating said mixture in a first atmosphere having a partial pressure of C02 
controlling decomposition of at least one of said superconductor material constituents; and 

changing said first atmosphere to a second atmosphere consisting essentially of in 
oxidizing gas capable of allowing decomposition of at least one of said superconductor material 
constituents. 

15. The superconductor waveguide as defined in Claim 12. fiirther including two 
electrical poles coupled to said substantially cylindrical structures. 

16. The superconductor waveguide as defined in Claim 12 wherein said waveguide 
comprises a coaxial transmission line. 

17. TTiesuperconductdr waveguide as defined in Claim 16 where said waveguide 
includes a coaxial center conductor coated with said high temperature superconducting 
material. 

18. The superconductor waveguide as defmed in Claim 17 wherein said 
superconducting material consists essentially of a reactively textured thick fihn. 
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19. The superconductor waveguide as defined in Claim 18 wherein said 
superconducting material is disposed on a substrate selected from the group consisting of 
stainless steel, silver and silver-coated base metals. 

20. The superconductor waveguide as defined in Claim 1 7 wherein resonator Q of 
said waveguide varies in a linear logarithmic maimer with surface resistance. 
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